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REMARKS/ARGUMENT 

Claim 1 has been amended to recite that the permeate solution comprises an 
organic fluid that is substantially immiscible with water, incorporating the subject matter 
of claims 3 and 4. Claims 3 and 4 have been cancelled, and the dependencies of the 
remaining claims have been adjusted. Accordingly, no new matter is introduced in 
making these amendments. 

Claims 1, 5, 8-9, and 11-13 remain in the application. 

Claims 1, 3-5, 9, 12, and 13 stand rejected under 35 U.S.C. 102(b) as being 
anticipated by Zhu et al. (Zhu). This rejection is respectfully traversed for the following 
reasons. 

First, claim 1 requires, inter alia, that the method use a membrane made from a 
hydrophobic material having a hydrophilic feed side and a permeate side, wherein the 
permeate side of the membrane has a water contact angle of greater than 90° and the 
feed side has a water contact angle of less than 70°. Zhu does not disclose such a 
membrane. 

Zhu discloses a hydrophilic PVDF, low protein binding membrane (paragraph 
2.2). Such membranes are hydrophilic on both the feed side and the permeate side of 
the membrane. Water readily wets the surface of both sides of such membranes, 
having a water contact angle of less than 70°. The Examiner contends, referring to 
paragraph 2.2 at page 400, that "the receptor-side of this membrane is coated with 
lecithin in dodecane — which makes the receptor (or permeate-side) hydrophobic." But 
the pertinent portion of paragraph 2.2 at page 400 actually reads as follows: 
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In an artificial membrane permeability experiment a 96-well filtration plate 
(hydrophilic PVDF, low-protein binding, Millipore 7 Bedford, MA) was used for the 
artificial membrane support and as the receiver plate. The filter material in each 
well of the filtration plate was wetted with 5 pL of the artificial membrane solution, 
which consisted of 1% egg lecithin in n-dodecane. Then the filtration plate was 
securely placed on top of a donor plate (Dynex, Middlesex, UK) which was pre- 
filled with donor solutions (100-200 pM drug solution in phosphate buffer, pH 5.5 
or 7.4) in each well. Equal volumes of blank receiving solution were quickly 
added to the wells of the filtration plate. 

Thus, Zhu discloses that "the filter material" in each well was "wetted" with the lecithin in 
dodecane solution. This does not suggest or imply that only the receptor-side of the 
membrane is coated with the hydrophobic "artificial membrane solution." Indeed, one 
skilled in the art would realize that wetting a hydrophilic PVDF filter material with this 
solution would result in a hydrophobic surface on both the feed-side and the permeate- 
side of the membrane — not just the permeate side, as asserted by the Examiner. 

Claim 1 as amended also requires that the permeate solution comprise an 
organic fluid that is substantially immiscible with water. Zhu does not disclose or 
suggest this. Referring again to Zhu paragraph 2.2 above, the donor solution (i.e., the 
feed solution) is drug in a phosphate buffer at pH 5.5 or 7.4. Zhu states that "volumes 
of blank solution" are then added to the wells of the filtration plate (that is, to the 
receiving or permeate solution). One skilled in the art would understand that a "blank" 
solution is the same aqueous phosphate buffer solution as used in the feed, but 
containing no drug. Thus, the permeate solution is an aqueous solution, and not an 
organic fluid, as required by claim 1 . 

The Examiner contends that the permeate solution in Zhu is octanol, referring to 
the introduction on page 399 and to paragraph 2.4 on page 401 . However, these 
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sections refer to octanol-water partition coefficients and to octanol-buffer distribution 
coefficients, respectively. They do NOT refer to the permeate solution. 

Because Zhu does not disclose a microporous membrane made from a 
hydrophobic material that has (i) a hydrophilic feed side and (//) a permeate solution 
comprising an organic fluid substantially immiscible with water, both as recited in claim 
1 , there can be no anticipation of claim 1 by Zhu. Since all the remaining claims 
ultimately depend from claim 1, they are likewise not anticipated by Zhu. 

Claims 1, 3-5, 8, 9, and 11-13 stand rejected under 35 U.S.C. 103(a) as being 
obvious over Zhu in combination with Kallury US 7,468,281 (Kallury). Kallury discloses 
the use of hollow-fiber membranes for the purification, concentration, and analysis of 
samples (abstract). However, neither Zhu nor Kallury disclose, teach, or suggest the 
use of a microporous membrane made from a hydrophobic material that has a 
hydrophilic feed side, nor the use of a permeate solution comprising an organic fluid that 
is substantially immiscible with water. Because of this, amended claim 1 would not 
have been obvious over Zhu in combination with Kallury. The remaining claims depend 
from amended claim 1 , and are likewise not obvious over Zhu in combination with 
Kallury. 

The following remarks pertain to the Examiner's comments in the Advisory Action 
of July 31, 2009. 

The Examiner states: 

Regarding the Zhu reference, the egg lecithin was applied to the inside of the 
well, which means the membrane at the bottom of the well on the outside is 
hydrophilic. In addition, the egg lecithin membrane is a phospholipid membrane, 
which means it itself is having one side hydrophilic and other hydrophobic (page 
400). 
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In response, it should be noted that Zhu actually states the following at page 400: 

the filter material in each well of the filtration plate was wetted with 5 pL of the 
artificial membrane solution, which consisted of 1% egg lecithin in n-dodecane 
(emphasis added). 

Thus, Zhu discloses that the artificial membrane solution is used to wet the filter 
material. One of ordinary skill in the art would understand that this means the pores of 
the filter material were filled with the artificial membrane solution, and that the filter 
material— both the top and the bottom, would have the properties of the liquid in the 
pores. That being the case, the wetted filter material would have the same contact 
angle on the top as on the bottom, which does not satisfy the limitations of claim 1 , 
which calls for a contact angle of greater than about 90° on the permeate side and less 
than about 70° on the feed side. 

The Examiner further contends that the egg lecithin referred to by Zhu is "a 
phospholipid membrane." But Zhu states nothing of the sort, instead stating the egg 
lecithin/dodecane solution was used to wet the artificial membrane. Even accepting the 
Examiner's contention that the egg lecithin/dodecane solution constitutes a phospholipid 
membrane for purposes of argument, the Examiner's position is undermined by the 
known properties of phospholipids. Specifically, reference is made to the enclosed 
excerpt from Stryer, Biochemistry, pages 228-291 (3 rd Ed 1988). As noted at pages 
288-289, the favored structure for most phospholipids is a bimolecular sheet or lipid 
bilayer, as depicted in Figure 12-10. Note that Figure 12-10 depicts such a membrane 
as having a middle section of hydrocarbon (or hydrophobic) tails sandwiched between 
two outer layers of polar (or hydrophilic) groups. In other words, a phospholipid 
membrane does not have one side that is hydrophilic and one side that is hydrophobic, 
as maintained by the Examiner. 
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In the Advisory Action the Examiner further states: 

Regarding the blank receiving solution, there is no indication in the reference that 
it is only the phosphate buffer; the Examiner submits that it only means the 
receiving solution does not con tain the drug. 

Thus, the Examiner concedes that Zhu is silent regarding the composition of the 
receiving (or permeate) solution. However, some insight into the types of receiving 
solutions analyzed by Zhu can be gained from page 400 of Zhu where HPLC analysis of 
the receiving solutions is described. Here, Zhu states that a YMC basic HPLC column 
is used with a gradient of mobile phases consisting of (a) water and 0.1% formic acid; 
and (b) 95% acetonitrile, 5% water and 0.1% formic acid. Mobile phases of water and 
acetonitrile are typically used in HPLC analysis for determining the concentration of a 
solute in an aqueous sample. See Meyer, Practical High-Performance Liquid 
Chromatography, pages 144-155 (2d Ed 1997) enclosed herewith; the Examiner's 
attention is specifically directed to page 146 and page 153, Fig. 10.6. Given this, one of 
ordinary skill would understand that the "blank" receiving solution was an aqueous 
buffer solution. 

Finally, the Examiner states: 

Regarding the Kellury [sic] reference, even if the well is made of hollow fibers, it 
is still a multi-well plate; and applicant's claims do not discriminate the hollow 
fibers [sic]. Kellury [sic] teaches that making the membrane surface hydrophilic or 
hydrophobic will depend on the analyte. 

In response, applicants reiterate that the secondary reference Kallury does not disclose 
or suggest the use of a microporous membrane made from a hydrophobic material that 
has a hydrophilic feed side, nor the use of a permeate solution comprising an organic 
fluid that is substantially immiscible with water, as called for in claim 1. Thus, claim 1 is 
not rendered obvious by the combination of Kallury and Zhu. 
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Early and favorable reconsideration is respectfully requested. 

Respectfully submitted, 
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Part II 

PROTEIN CONFORMATION, 
DYNAMICS, AND FUNCTION 



PHOSPHOLIPIDS AND GLYCOLIPIDS 
READILY FORM BILAYERS 

The repertoire of membrane lipids is extensive, perhaps even bewilder- 
ing at first sight. However, they possess a critical common structural 
theme: membrane lipids are amphipathk molecules. They contain both a 
hydrophilic and a hydrophobic moiety (Table 12-1). 



Table 12-1 

Hydrophobic and hydrophilic units of membrane lipids 



Membrane lipid 



Phosphoglycerides 
Sphingomyelin 

GlycoUpid 
Cholesterol 



Hydrophobic unit 



Fatty acid chains 

Fatty acid chain and 
hydrocarbon chain 
of sphingosine 

Fatty acid chain and 
hydrocarbon chain 
of sphingosine 
Entire molecule except 
for OH group 



Hydrophilic unit 



Phosphorylated alcohol 
Phosphoryl choline 

One or more sugar residue 

OH group at C-3 



Let us look at a space-filling model of a phosphoglyceride, such a 
phosphatidyl choline (Figure 12-6). Its overall shape is roughly rectan 
eular The two fatty acid chains are approximately parallel to one an 
other, whereas the phosphoryl choline moiety points in the opposu 
direction. Sphingomyelin has a similar conformation (Figure U-l 
The sugar group of a glycolipid occupies nearly the same position < 
the phosphoryl choline unit of sphingomyelin. Therefore, the folio* 
ing shorthand has been adopted to represent these membrane lipid 
The hydrophilic unit, also called the polar head group, is represented t 
a circle, whereas the hydrocarbon tails are depicted by straight or wa% 
lines (Figure 12-8). 




Figure 12-6 

Space-filling model 
of a phosphatidyl 
choline molecule. 



Polar head 
group 



, Hydrocarbon 
tails 



Figure 12*7 

Space-filling model 
or a sphingomyelin 
molecule. 




Figure 12*8 

Symbol for a phospholipid 
glycolipid molecule. 



s Now let us consider the arrangement of phospholipids and glycolip- 
ids in an aqueous medium, It is evident that their polar head groups 
will have affinity for water, whereas their hydrocarbon lails will avoid 
water. These preferences could be satisfied by formation of a micelle, a 
globular structure in which polar head groups are on the surface and 
hydrocarbon tails are sequestered inside (figure 12-9). Another ar- 
rangement that fulfills both the hydrophilic and hydrophobic prefer- 
ences of these membrane lipids is a bimolecular sheet, also called a lipid 
bilaycr (Figure 12-10). 

The favored structure for most phospholipids and glycolipids hi aqueous media 
i\ a bimolecular sheet rather than a micelle. The reason is thai their two fatty 
acyl chains arc too bulky to fit into the interior of a micelle. In contrast, 
salts of fatty acids (such as sodium palmitate. a constituent of soap), 
which contain only one fatty acyl chain, readily form micelles. The for- 
mation of bilayers instead of micelles by phospholipids is oi critical bio- 
logical importance. A micelle is a limited structure, usually less than 200 
A in diameter. In contrast a bimolecular sheet can have macroscopic 
dimensions, such as a millimeter (10' A). Phospholipids and glycolipids 
are key membrane constituents because they readily form extensive 
bimolecular sheets. Furthermore, these sheets serve as permeability 
barriers, yet they are quite fluid. 

The formation of lipid bilayers is a self-assembly process. In other 
words, the structure of a bimolecular sheet is inherent in the structure 
of the constituent lipid molecules, specifically in their amphipalhic 



•: 



• • • 



Figure 124 

nigrum of a section of a micelle 
formed from ionized fatty acid mole- 
cules. Most phospholipids do not 
form micelles. 




Figure 12-10 

Diagram of a section of a bilaycr 
membraiie formed from phospho- 
lipid molecules. 



10 A 



Figure 12-11 

Space-filling model of a section ol a highly 
lluid phospholipid bilaycr membrane. 
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character. The formation of lipid bilaycrs from glycolipicls and phos- 
pholipids is a rapid and spontaneous process in waicr. Hydrophobic biter- 
actions arc the major driving force for the formation of lipid bitayers. Recall 
lhat hydrophobic interactions also play a dominant role in the folding 
of proteins in aqueous solution. Water molecules are released from the 
hydrocarbon tails of membrane lipids as these tails become sequestered 
in the nonpolar interior of the bilayer. Furthermore, there are van der 
Waals attractive forces between the hydrocarbon tails. These iorccs lavor 
close packing of the tails. Finally, there are electrostatic and hydrogen- 
bonding attractions between the polar head groups and miter molecules. Thus, 
lipid hilayers are stabilized by the full array of forces lhat mediate mo- 
lecular interactions in biological systems. 



LIPID BILAYERS ARE NONCOVALENT, COOPERATIVE 
STRUCTURES 

Another important feature of lipid bilayers is lhat they are cooperative 
structures Thcv are held together by many reinforcing, noncovalent inter- 
actions. Phospholipids and glycolipids cluster together in water to mini- 
mize the number of exposed hydrocarbon chains. A pcrt.ncni analogy 
is the huddling logether of sheep in the cold to minimize the area oi 
exposed bodv surface. Clustering is also favored by the van der Waals 
attractive forces between adjacent hydrocarbon chains. These energetic 
factors have three significant biological consequences: (1) lipid bilaycrs 
have an inherent tendency to be extensive; (2) lipid bilayers will lend to 
close on themselves so that there are no edges with exposed hydrocarbon 
chains which results in the formation of a compartment; and (3) lipid 
bilayers are self-sealing because a hole in a bilayer is energetically unla- 
vorable. 



Inner aqueous 
compartment 





Bilayer membrane 



Figure 12-12 

Diagram of ;i lipid vesicle. 



LIPID BILAYERS ARE HIGHLY IMPERMEABLE 
TO IONS AND MOST POLAR MOLECULES 

The permeabilitv of lipid bilayers has been measured in two well- 
defined synthetic systems: lipid vesicles and planar bilayer membranes. 
These model systems have been sources of insight into a major function 
of biological membranes— namely, their role as permeability barriers. 
The key finding is that lipid bilayers arc inherently impermeable to ions 
and most polar molecules. 

Lipid vesicles (also known as liposomes) are aqueous compartments en- 
closed bv a lipid bilayer (Figure 12- 12). They can be formed by sus- 
pending a suitable lipid, such as phosphatidyl choline, in an aqueous 
medium. This mixture is then sonicated (i.e.. agitated by high-frequency 
sound waves) to give a dispersion of closed vesicles that are quite uni- 
form in size. .Alternatively, vesicles can be prepared by rapidly mixing a 
solution of lipid in clhanol will, water. This can be accomplished by 
injecting the lipid through a fine needle into an aqueous solution. Vesi- 
cles formed by these methods are nearly spherical in sha|>e and have a 
diameter of about 500 A. Larger vesicles (of the order ol 10 1 A. or I 
pm, in diameter) can be prepared by slowly evaporating the organic 
solvent from a suspension of phospholipid in a mixed solvent system. 

Ions or molecules can be trapped in the aqueous compartment oi 
lipid vesicles by forming the vesicles in the presence of these substance. 1 



(Figure T2-13). For example, if vesicles 500 A in diameter are formed in 
a 0.1 m glycine solution, about two thousand molecules of glycine will be 
trapped in each inner aqueous compartment. These glycine-conlaining 
vesicles can be separated from the surrounding solution of glycine by 
dialysis or by gel-filtration chromatography. The permeability of the 
bilayer membrane to glycine can then be determined by measuring the 
rale of efflux of glycine from the inner compartment of the vesicle to 
the ambient solution. These lipid vesicles are valuable not only for per- 
meability studies. They fuse with the plasma membrane of many kinds 
of cells and can thus be used to introduce a wide variety of impermeable 
substances into cells. The selective fusion of lipid vesicles with particu- 
lar kinds of cells is a promising means of controlling the delivery of 
drugs to targei cells. 

Another well-defined synthetic membrane is a planar bilayer mem- 
brane. This structure can be formed across a 1-mm hole in a partition 
between two aqueous compartments. Such a membrane is very well 
suited for electrical studies because of its large size and simple geome- 
try. Paul Mueller and Donald Rudin showed that a large bilayer mem- 
brane can be readily formed in the following way. A fine paint brush is 
dipped into a membrane-forming solution, such as phosphatidyl cho- 
line in decane. The tip of the brush is then stroked across a hole ( I mm 
in diameter) in a partition between two aqueous media. The lipid film 
across the hole thins spontaneously; the excess lipid forms a torus at the 
edge of the hole. A planar bilayer membrane consisting primarily of 
phosphatidyl choline is formed within a few minutes. The electrical 
conduction properties of this macroscopic bilayer membrane are read- 
ily studied by inserting electrodes into each aqueous compartment (Fig- 
ure 12-14). For example, its permeability to ions is determined by meas- 
uring the current across the membrane as a function of the applied 
voltage. 

Permeability studies of lipid vesicles and electrical conductance meas- 
urements of planar bilayers have shown that lipid bilayer membranes have 
a very low permeability for ions and most polar molecules. Water is a conspicu- 
ous exception to this generalization; it readily traverses such mem- 
branes. The range of measured permeability coefficients is very wide 
(Figure 12-15). For example, Na + and K + traverse these membranes 
10*' times more slowly than does HyO. Tryptophan, a zwitterion at pH 
7, crosses the membrane I0 :1 times more slowly than indole, a structur- 
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Figure 12-15 

Permeability coefficients of some ions and molecules in lipid bilayer membranes. 
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Figure 12-13 

Preparation of a suspension of lipid 
vesicles containing glycine molecules. 



Electrode 




Aqueous 
compartments 



Bilayer 
membrane 



Figure 12-14 

Experimental arrangement for the 
study of planar bilayer membranes. 
A bilayer membrane is formed 
across a I -mm bole in a septum 
that separates two aqueous 
compartments. 
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